three upstream oligonucleotides diagrammed in Figure 32 (i.e., one of SEQ ID 
NOS:44-46), in a total volume of 5 ]il of distilled water. The reactions were overlaid 
with a drop of ChillOut™ evaporation barrier (MJ Research) and warmed to 62°C. 
The cleavage reactions were started by the addition of 5 |xl of an enzyme mixture to 
each tube, and the reactions were incubated at 62°C for 30 min. The reactions shown 
in lanes 1-3 of Figure 34 received Mixture 1; reactions 4-6 received Mixture 2; 
reactions 7-9 received Mixture 3 and reactions 10-12 received Mixture 4. 

After 30 minutes at 62°C, the reactions were stopped by the addition of 8 p.1 of 
95% formamide with 20 niM EDTA and 0.05% marker dyes. Samples were heated to 
IS^C for 2 minutes immediately before electrophoresis through a 20% acrylamide gel 
(19:1 cross-linked), with 7 M urea, in a buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM 
EDTA. 

Following electrophoresis, the products of the reactions were visualized by the 
use of an Hitachi FMBIO fluorescence imager, the output of which is seen in 
Figure 34. The reaction products shown in lanes 1, 4, 7 and 10 of Figure 34 were 
from reactions which contained SEQ ID NO:44 as the upstream oligonucleotide (see 
Figure 32a). The reaction products shown in lanes 2, 5, 8 and 11 of Figure 34 were 
from reactions which contained SEQ ID NO:45 as the upstream oligonucleotide (see 
Figure 32b). The reaction products shown in lanes 3, 6, 9 and 12 of Figure 34 were 
from reactions which contained SEQ ID NO:46, the invader oligonucleotide, as the 
upstream oligonucleotide (see Figure 32c). 

Examination of the Mn^"^ based reactions using either Cleavase® A/G nuclease 
or DNAPra^ as flie cleavage agent (lanes 1 through 3 and 4 through 6, respectively) 
shows that both enzymes have active exonuclease fimction in these buffer conditions. 
The use of a 3' label on the probe oligonucleotide allows the products of the nibbling 
activity to remain labeled, and therefore visible in this assay. The ladders seen in 
lanes 1, 2, 4 and 5 confirm that the probe hybridize to the target DNA as intended. 
These lanes also show that the location of the non-invasive oligonucleotides have little 
effect on the products generated. The uniform ladder created by these digests would 
be difficult to distinguish from a ladder causes by a contaminating nuclease, as one 
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might find in a clinical specimen. In contrast, the products displayed in lanes 3 and 6, 
where an invader oUgonucleotide was provided to direct the cleavage, show a very 
distinctive shift, so that the primary cleavage product is smaller than those seen in the 
non-invasive cleavage. This product is then subject to further nibbling in these 
conditions, as indicated by the shorter products in these lanes. These invader-directed 
cleavage products would be easily distinguished from a background of non-specific 
degradation of the probe oHgonucleotide. 

When Mg^"^ is used as the divalent cation the results are even more distinctive. 
In lanes 7, 8, 10 and 11 of Figure 34, where the upstream ohgonucleotides were not 
invasive, muiimal nibbling is observed. The products in the DNAPTa^ reactions show 
some accumulation of probe that has been shortened on the 5' end by one or two 
nucleotides consistent with previous examination of the action of this enzyme on 
nicked substrates (Longley et al, supra). When the upstream oligonucleotide is 
invasive, however, the appearance of the distinctively shifted probe band is seen. 
These data clearly indicated that it is the invasive 3' portion of the upstream 
oligonucleotide that is responsible for fixing the site of cleavage of the downstream 
probe. 

Thus, the above results demonstrate that it is the presence of the free or 
initially non-annealed nucleotides at the 3' end of the invader oligonucleotide which 
mediate the shift in the cleavage site, not just the presence of an oligonucleotide 
annealed upstream of the probe. Nucleic acid detection assays which employ the use 
of an invader oligonucleotide are termed "invader-directed cleavage" assays. 

EXAMPLE 14 

Invader-Directed Cleavage Recognizes Single And Double Stranded 
Target Molecules In A Background Of Non-Target DNA Molecules 

For a nucleic acid detection method to be broadly usefixl, it must be able to 
detect a specific target in a sample that may contain large amounts of other DNA, e.g., 
bacterial or human chromosomal DNA. The ability of the invader directed cleavage 
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assay to recognize and cleave either single- or double-stranded target molecules in the 
presence of large amounts of non-target DNA was examined. In these experiments a 
model target nucleic acid, M13, in either single or double stranded form (single- 
stranded M13mpl8 is available from Life Technologies, Inc and double-stranded 
M13mpl9 is available from New England Biolabs), was combined with human 
genomic DNA (Novagen, Madison, WI) and then utilized in invader-directed cleavage 
reactions. Before the start of the cleavage reaction, the DNAs were heated to 95°C for 
15 minutes to completely denature the samples, as is standard practice in assays, such 
as polymerase chain reaction or enzymatic DNA sequencing, which involve solution 
hybridization of oligonucleotides to double-stranded target molecules. 

For each of the reactions shown in lanes 2-5 of Figure 35, the target DNA (25 
finole of the ss DNA or 1 pmole of the ds DNA) was combined with 50 pmole of the 
invader oUgonucleotide (SEQ ID NO:46); for the reaction shown in lane 1 the target 
DNA was omitted. Reactions 1, 3 and 5 also contained 470 ng of human genomic 
DNA. These mixtures were brought to a volume of 10 p-l with distilled water, 
overlaid with a drop of ChillOut™ evaporation barrier (MJ Research), and brought to 
95°C for 15 minutes. After this incubation period, and still at 95''C, each tube 
received 10 ^il of a mixture comprising 2,25 ^1 of Cleavase® A/G nuclease extract 
(prepared as described in Example 2) and 5 pmole of the probe oligonucleotide (SEQ 
ID NO:43), in 20 mM MOPS, pH 7,5 with 0,1 % each of Tween 20 and NP-40, 4 
mM MnCl2 and 100 mM KCL The reactions were brought to 62°C for 15 minutes 
and stopped by the addition of 12 |il of 95% formamide vdth 20 mM EDTA and 
0.05% marker dyes. Samples were heated to 75*'C for 2 minutes immediately before 
electrophoresis through a 20% acrylamide gel (19:1 cross-linked), with 7 M urea, in a 
buffer of 45 mM Tris-Borate, pH 8.3, 1.4 mM EDTA. The products of the reactions 
were visualized by the use of an Hitachi FMBIO fluorescence imager. The results are 
displayed in Figure 35. 

In Figure 35, lane 1 contains the products of the reaction containing the probe 
(SEQ ID NO:43), the invader oUgonucleotide (SEQ ID NO:46) and human genomic 
DNA. Examination of lane 1 shows that the probe and invader oligonucleotides are 
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